Abstract The aim of this study was to evaluate the presence and possibility of extracting compounds with antioxidant properties of soybean cake to extend the storage stability of soybean oil. Results showed that the highest DPPH radical scavenging activity was observed for sample to solvent ratio 1:25 while extracting by 70% ethanol for 3 h). The most phenolic compounds equivalents (Gallic acid) was observed for sample to solvent ratio 1:25 while extracting by 70% methanol for 14 h. In addition, the soybean cake extract at concentrations of 50, 100, 150 and 200 ppm in soybean oil could significantly lower the peroxide, diene and p-anisidine values of soy oil during storage at 65°C.
Introduction
Vegetable oils with higher contents of unsaturated fatty acids are more susceptible to oxidation. The oxidative changes decrease the nutritional quality and safety of oil due to degradation products, resulting in harmful effects on human health (Rehman et al. 2004; Mohdaly et al. 2011) . Antioxidants are added to foods to delay oxidation process through terminating radical chain reactions (Wanasundara and Shahidi 2005; Bashash et al.2014) . There is great concern about synthetic antioxidants such as butylated hydroxytoluene (BHT), butylated hydroxyanisole (BHA) and tert-butyl hydroquinone (TBHQ) due to their toxic effects on human health (Rehman et al. 2004) . Fruits, leaves, seeds, and oils are natural resources of antioxidants such as flavonoids, tannins, phenolic compounds and terpenoids (Mohdaly et al. 2011) . The importance of exploiting natural antioxidants from by-products obtained during food processing has increased in recent years. Replacing synthetic antioxidants by natural ones has advantages like health implications solubility in both oil and water, for food emulsions. However, there are diverse restrictions in utilizing herbs and spices due to the fact that they cause herb flavor in foods and deodorization steps may be needed (Moure et al. 2001) . Extract production is a key step to obtain antioxidants with an acceptable yield. Solvent extraction is frequently used for isolation of antioxidant and extraction yield depends on the solvent and extraction method, due to the different antioxidant extraction potentials of compounds with different polarity (Moure et al. 2001; Terpinc et al. 2012 ). Some of the antioxidants which are not extracted in oil very well or occur in conjugation with sugar molecules, remain in the meal after oil extraction of oil seeds. This meal, also referred to as oil cake, is a good source of nutraceuticals and functional ingredients (Terpinc et al. 2012) . Soybean (Glycine max L.) is one of the most commonly consumed legumes worldwide, with 200 million metric tons produced per year with each ton of crude soybean oil, approximately 4.5 tons of soybean oil meal with a protein content of about 44% are produced (FAO Web 2006) . It has phytochemicals with antioxidant activity (Prakash et al. 2007) .
Soybean cake was evaluated as a source of natural antioxidant in this study. The objective of this work was to compare extraction of phenolic compounds of soybean cake with two solvents ethanol 70% (v/v) and methanol 70% (v/v), two sample to solvent ratios (1:25 and 1:100) and two extraction times (3 and 14 h) by determining the total phenolic content (TPC) of extracts according to the Folin-Ciocalteu method and their ability for DPPH radical scavenging.
Materials and methods

Materials and reagents
Soybean cake, soybean oil without antioxidant and TBHQ was obtained from Naz oil company (Isfahan, Iran) in December 2013. Methanol and Folin-Ciocalteu were purchased from Merck, Germany. Ethanol was purchased from Scharlou, Spain and 1,1-Diphenyl-2-picryl hydrazyl (DPPH), diadzein (98%) and genistein (98%) were purchased from Sigma Chemical Co., Aldrich. Gallic acid was purchased from UCB, Belgium.
Composition analysis of soybean cake
The major chemical constituents of soybean cake including moisture, ash, crude fat, crude fiber and crude protein were determined in triplicate. Water contents of the sample was measured by drying in a vacuum oven (Fine Tech, model: SSVO-502, South Korea) at 50°C for 48 h (AOAC 1990) . The protein contents were measured based on Kjeldahl method (AOAC 1990) . The fat contents were measured based on Soxhlet extraction according to the method of Aa 4-38 (AOCS 1993). Total dietary fiber was determined based on the method of 991.43 (AOAC 1997). Ash contents were measured according to AOAC official methods of analysis (AOAC 1990) .
Sample preparation
Commercial soybean cake was ground in a home style coffee grinder. The ground material was then passed through a standard 40-mesh sieve (particle size \0.420 mm). Soybean cake powders were extracted by 70% (v/v) ethanol and methanol (Tyug et al. 2010 : Terpinc et al. 2012 in two ratios of 1:25 and 1:100 (w/v) (Hubert et al. 2008; Tyug et al. 2010) and were incubated in an orbital shaker set at 150 rpm for 3 and 14 h (Lafka et al. 2007; Mohdaly et al. 2011 ) at room temperature. Then extraction mixtures were filtered by paper and obtained filtrates were kept at -20°C prior to analysis.
Determination of total phenolic compounds
The content of total phenolic compounds in extracts was determined according to the Folin-Ciocalteu procedure (Bamdad et al. 2006) . Extracts (1 ml) were poured into the test tubes; 5 ml of Folin-Ciocalteu reagent (1:10 diluted) and 4 ml of sodium carbonate (7.5%) were added. The tubes were mixed and allowed to stand for 30 min. Absorption was measured at 760 nm (S 2100 Double Beam UV-Visible Spectrophotometer). Gallic acid was used as a standard for calibration curve.
Determination of DPPH radical scavenging capacity 1,1-diphenyl-2-picrylhydrazyl (DPPH) procedure described by Mohdaly et al. (2011) was performed. Dissolving 22 mg of DPPH in 50 mL methanol, the stock reagent solution (1 9 10 -3 M) was prepared and stored at -20°C until use. 6 mL of the stock solution was mixed with 100 mL methanol to obtain an absorbance value of 0.8 at 515 nm for working solution (6 9 10 -5 M). The soybean extracts were mixed with 3.9 mL of the DPPH solution and vortexed during 30 s and then the absorbance was measured at 515 nm after 30 min. A control sample without extract was also analyzed and the scavenging percentage was calculated according to the Eq. (1):
Chromatographic determination of phenolic compounds
Two forms of isoflavones, genistein and daidzein, have been found to be the major isoflavones in soybean seeds with the ability to inhibit breast cancer (Kim et al. 2006) , so the sample with the highest amount of DPPH radical scavenging capacity was analyzed by HPLC using method of IOOC (International Olive Council 2009; Tyug et al. 2010) to detect the amount of genistein and daidzein presence. For the separation a reversedphase Lichrospher C18 column (250-4 mm, I.D. 5 lm, Merck, Darmstadt, Germany) was applied. A constant flow rate of 0.6 ml/min and gradient elution with 0.5% (v/v) acetic acid (solvent A) and 100% methanol (solvent B) was performed. The gradient profile was: 100% A and 0% B at the beginning, 10% A and 90% B at 20-25 min and then back to 100% A and 0% B at 30 min. The column was set at room temperature (25°C) and the sample extract (20 ll) was injected into the column. Monitoring the UV-Vis absorption spectra by DAD at 200-600 nm the phenolic compounds were detected at the wavelength of 280 nm.
Oil storage studies
Refined, bleached and deodorized soybean oil-without any added synthetic antioxidant such as TBHQ supplied by Naz Oil Company-was used for storage studies. Experiments were carried out with a synthetic antioxidant such as TBHQ at 200 ppm level, pure genistein and pure diadzein at 50, 100 and 150 ppm level. The extract of soybean cake by sample to solvent ratio 1:25 extracting by 70% ethanol for 3 h was completely concentrated at 50°C and this concentrated extract was used for other treatments of oil storage experiments at 50, 100, 150, 200 ppm level. Oil samples and control-oil without added antioxidantswere stored in uniform glass containers at 65°C for a definite period in an incubator. Samples were analyzed after 0, 1, 5, 9 and 13 days for peroxide value, diene value [conjugated di ene (CD) or conjugated tri ene (CT)], panisidine value and totox value (AOAC 1990; AOCS 1993; AOAC 1997) to follow the oxidative changes. The inhibition of oil oxidation (IO) percentage is given by:
100 À peroxide value increase of sample/peroxide ð ½ value increase of controlÞ Â 100
ð2Þ
The absorbance was measured at 350 nm for p-anisidine value.
Where cCD stands for concentration of congugated di ene, cCT stands for concentration of congugated tri ene and W is the weight of oil sample. All experiments were conducted with duplicate sets, and analyses of samples were run in triplicate and averaged.
Statistical analysis
The experiment was conducted in factorial form, using a completely randomized design with three replications. Statistical analyses were conducted using SAS version 9.1.2 from SAS Institute, Inc., Cray, NC, USA. Data were reported as mean ± standard deviation (SD). Data were subjected to analysis of variance (ANOVA) and Duncan's multiple range method was used for comparisons of means. The confidence interval used in this study was at 95% (P \ 0.05).
Results and discussion
Composition of soybean cake Soybean cake consisted of 11.3% moisture, 0.55% fat, 46% protein, 4.4% crude fiber and 7% ash respectively. Results indicated if the anti-nutritional compounds such as trypsin inhibitor (Hwei-Ming et al. 1997 ) is ignored or removed the soybean cake can be used as a source of protein.
DPPH radical scavenging activity
Results showed DPPH free radical assay depends on the solvent, the sample to solvent ratio and extraction time ( Table 1 ). The highest DPPH radical scavenging activity was reported for sample to solvent ratio 1:25 while extracting by 70% ethanol for 3 h (P \ 0.05). The present study has made the use of DPPH free radical-scavenging method as the way to evaluate the antioxidant capacity of the three sample extracts. DPPH is a very stable organic free radical with deep violet color which gives maximum absorption within 515-528 nm range. Upon receiving proton from any hydrogen donor, mainly from phenolic compounds, it loses its chromophore and becomes yellow. As the concentration of phenolic compounds or degree of hydroxylation of the phenolic compounds increases DPPH radical scavenging activity also increases and it can be defined as antioxidant activity Sabir et al. 2015) . Since these radicals are very sensitive to the presence of hydrogen donors, the whole system operates at a very low concentration which allows a large number of samples to be tested in a short time (Bursal and Köksal 2010; Mohdaly et al. 2011) . As concluding remarks, extract of soybean cake by sample to solvent ratio 1:25 extracting by 70% ethanol for 3 h, exhibited high DPPH value which could be interpreted as the highest antioxidant capacity among the three studied samples. Results were in agreement with earlier observations in other studies (Malenčić et al. 2007; Kumar et al. 2010; Lafka et al. 2011) .
Total phenol contents
Total phenolic compounds expressed as gallic acid equivalent (GAE) was calculated using Eq. (6) based on calibration curve:
where A is the absorbance and C is the concentration of phenolic compounds (mg GAE kg -1 DW). The concentration of phenolic compounds in the extracts, expressed as mg GAE/kg sample, was dependent on the solvent, the ratio of sample to solvent and extraction time. The most phenolic compounds equivalents (Gallic acid) was reported for sample to solvent ratio 1:25 while extracting by 70% methanol for 14 h (P \ 0.05) ( Table 2) . Phenolic compounds are widely distributed in the plants. These compounds serve as important antioxidants because of their ability to donate a hydrogen atom or an electron in order to form stable radical intermediates. Hence, they prevent the oxidation of various biological molecules (Mohdaly et al. 2011) . The seeds of oil crops, particularly those containing a high percentage of polyunsaturated fatty acids are thought to be rich in antioxidants. Oil extraction process influences the partitioning behavior of the phenols and their distribution between the oil and cake. Obviously, a higher amount of phenolic compounds is released from the seeds when the oil is extracted at higher temperatures and higher pressure (Prakash et al. 2007 ). The highest TPC value was observed for extract of soybean cake while extracting by 70% methanol for 14 h by sample to solvent ratio of 1:25 (1042.1 mg GAE/kg), whereas TPC values of ethanolic extract of soybean cake and whole soybean seeds by sample to solvent ratio of 1:25 extracting for 3 h, were 457.7 mg/kg and 845.1 mg GAE/kg, respectively. The results were in agreement with earlier observations in other studies (Peschel et al. 2006; Kumar et al. 2010; Tyug et al. 2010 ).
Solvents such as methanol, ethanol, acetone, propanol, ethyl acetate and dimethylformamide were commonly used for the extraction of phenolics from fresh products at different concentrations. The solubility of the phenolic compounds in the solvent used for the extraction process affects the recovery of polyphenols from plant materials. Solvent polarity also has a key role in increasing phenolic solubility (Alothman et al. 2008) . TPC values in methanolic extracts were greater than ethanolic extract as the same as research of Lafka et al. (2011) on the olive oil mill waste, but TPC values in winery wastes in mixture of ethanol:water (1:1) extract were greater than methanolic extract (Lafka et al. 2007 ). Peschel et al. (2006) reported that the methanolic and ethanolic extracts of 11 fruit and vegetable by-products exhibited higher phenolic contents than the other conventional solvent extracts, which is in agreement with the data reported in present study. Although high yield of TPC was achieved using methanol for the extraction of phenols from soybean cake waste, methanol is not a food grade solvent because of its high toxicity (Peschel et al. 2006) . So ethanol was selected as the most appropriate solvent for the extraction of phenolic compounds from soybean residues for the production of extracts with high phenol content and high antioxidant activity. 
HPLC analysis of phenolic compounds
A typical HPLC chromatogram of the genistein and diadzein is shown in Fig. 1 . Genistein and diadzein percent in soy cake extract were 8.44 and 10.14 respectively, according to peak area measurement of sample chromatogram. Accumulation of phenolic compounds is dependent on soil, cultivar and environmental conditions during the seed formation. Depending on the conditions imposed by soil, season, climate, plant component and other parameters, the phenolic profiles of the plants may be changed (Kim et al. 2006; Prakash et al. 2007 ). The appreciable concentrations of flavonoids along with phenolic acids and other antioxidant phytochemicals present in different soybean and their agriwastes under study might be responsible for their efficient free radical-scavenging activity.
Storage stability analysis Table 3 shows the peroxide value (PV) developments during the 13 days storage of soybean oil at 65°C with various concentrations of diadzein (D), genistein (G), extracts (E), TBHQ and control containing no antioxidants. Control and soybean oil containing 50 ppm genistein (G50) reached a maximum PV after 9 days of storage. The sample with 150 ppm genistein had lower peroxide value than the control sample (P \ 0.05). These results indicated that genistein extract inhibited soybean oil oxidation. Further, the peroxide value of the samples containing genistein extract at 150 ppm showed significant difference with control sample at P \ 0.05 after 9 days. The protective effect offered at 150 ppm had no significant difference with control sample after 13 days (P \ 0.05). The analysis showed that on the 13th day of the storage the soy oil containing diverse concentrations of soy cake ethanolic extracts had lower peroxide value in comparison to all treatments at P \ 0.05. Furthermore, comparing the peroxide value of the samples including E50, E100, E150, and E200 revealed that they did not have significant difference (P \ 0.05). However, the E150 concentration showed lower peroxide value comparing to other concentrations of extract. Totally, on the 13th day the samples with diadzein extract at all levels had lower PV than the samples with genistein at all levels (P \ 0.05). Changes in p-anisidine value which represent the secondary oxidation products produced during the oxidative degradation of oil are shown in Table 4 . The formation of secondary oxidation products also increased during storage. A significant difference was noted between the p-anisidine values of control sample, the sample with genistein extract at 50 ppm concentration (G50) and TBHQ at 200 ppm concentration (T200) on the 9th and on the 13th days (P \ 0.05). Furthermore, the p-anisidine values of G50, T200 and control in 9th day were higher than the 13th day. To put it more clear, on the 9th day the value reached to its maximum extent and then decreased. According to Table 4 , the p-anisidine values of the samples of other treatments increased during 13 days of storage. In addition, comparing the mean values of the samples on the 13th day showed that the samples with various concentrations of diadzein extract (D50, D100, D150) and soy cake ethanolic extract (E50, E100, E150, E200) had lower p-anisidine value than samples with various concentrations of genistein extract (G50, G100, G150, G200) and control (P \ 0.05). It is evident that the samples with different levels of soy cake ethanolic extract (E50, E100, E150, E200) showed lower p-anisidine value (P \ 0.05) comparing to other treatments. Comparing the samples with different levels of soy cake ethanolic extract (E50, E100, E150, and E200) showed the least p-anisidine value for E150 but the difference between E150 and other levels of soy cake ethanolic extract was not significant (P \ 0.05). Diene values also represent the formation of hydroperoxides which are shown in Table 5 . Antioxidants are mainly used in lipids to delay the accumulation of primary oxidation products and thus to improve the oxidative stability. The primary products of lipid peroxidation are hydroperoxides which are generally referred to as peroxides. Therefore the results of peroxide value estimation give a clear indication of lipid autoxidation. Other oxidation parameters such as diene value and p-anisidine values were also measured, to confirm more on these results. Thus PV, diene value and p-anisidine value of soybean oil that contained the extract were significantly lower than that of the control (P \ 0.05) which clearly showed the marked antioxidant effect of the soybean cake extract in soybean oil protection.
The diene values of the samples increased during 13 days of storage. The samples containing diverse concentrations of soy cake ethanolic extract (E50, E100, E150, E200) showed lower diene value (P \ 0.05). The extracts (E50, E100, E150, E200) had not significant difference at different concentrations on the 13th day of storage but the diene value of the sample at E200 concentration was lower than other concentrations of extract (P \ 0.05).
The averaged changes of the totox values in samples are represented in Table 6 . The analysis showed that the totox value of the samples increased during 13 days of storage at 65°C (P \ 0.05). Furthermore, comparing the hi totox value of the samples containing 50 ppm genistein on the 9th day and on the 13th day revealed that the value reached to its maximum extent on the 9th day and then decreased (P \ 0.05). In addition, the samples at different concentrations soy cake ethanolic extract (E50, E100, E150, E200) showed lower value in comparison to all other treatments on the 13th day (P \ 0.05). The extracts (E50, E100, E150, E200) showed no significant differences at different concentrations on the 13th day of storage but the totox value of the sample at E150 concentration was lower than other concentrations of extract (P \ 0.05). The samples at all levels of diadzein showed lower totox value than the samples with genistin on the 13th day (Table 6 ).
Conclusion
The purpose of the current study was to determine the effect of soybean cake extracts in protection of soybean oil. Results showed the highest DPPH radical scavenging activity for sample to solvent ratio 1:25 while extracting by 70% ethanol for 3 h (P \ 0.05). The most phenolic compounds equivalents (Gallic acid) was reported for sample to solvent ratio 1:25 while extracting by 70% methanol for 14 h. Extraction for 3 h was better than 14 h extraction time and using 1:25 sample to solvent ratio was better than 1:100 sample to solvent ratio for extraction of polyphenols and antioxidants (P \ 0.05). The geistein extract at diverse concentrations had no protection effects until the 13th day. In preventing soy oil oxidation, diadzein at different concentrations was more effective than geistein. Moreover, all levels of soy cake ethanolic extract (E50, E100, E150, and E200) showed protection effects until the 13th day and E150 was the best treatment for this purpose.
